Tryptases, the predominant serine proteinases of human mast cells, have recently been implicated as mediators in the pathogenesis of allergic and inf lammatory conditions, most notably asthma. Their distinguishing features, their activity as a heparin-stabilized tetramer and resistance to most proteinaceous inhibitors, are perfectly explained by the 3-Å crystal structure of human ␤II-tryptase in complex with 4-amidinophenylpyruvic acid. The tetramer consists of four quasiequivalent monomers arranged in a f lat frame-like structure. The active centers are directed toward a central pore whose narrow openings of approximately 40 Å ؋ 15 Å govern the interaction with macromolecular substrates and inhibitors. The tryptase monomer exhibits the overall fold of trypsin-like serine proteinases but differs considerably in the conformation of six surface loops arranged around the active site. These loops border and shape the active site cleft to a large extent and form all contacts with neighboring monomers via two distinct interfaces. The smaller of these interfaces, which is exclusively hydrophobic, can be stabilized by the binding of heparin chains to elongated patches of positively charged residues on adjacent monomers or, alternatively, by high salt concentrations in vitro. On tetramer dissociation, the monomers are likely to undergo transformation into a zymogen-like conformation that is favored and stabilized by intramonomer interactions. The structure thus provides an improved understanding of the unique properties of the biologically active tryptase tetramer in solution and will be an incentive for the rational design of mono-and multifunctional tryptase inhibitors.
ABSTRACT
Tryptases, the predominant serine proteinases of human mast cells, have recently been implicated as mediators in the pathogenesis of allergic and inf lammatory conditions, most notably asthma. Their distinguishing features, their activity as a heparin-stabilized tetramer and resistance to most proteinaceous inhibitors, are perfectly explained by the 3-Å crystal structure of human ␤II-tryptase in complex with 4-amidinophenylpyruvic acid. The tetramer consists of four quasiequivalent monomers arranged in a f lat frame-like structure. The active centers are directed toward a central pore whose narrow openings of approximately 40 Å ؋ 15 Å govern the interaction with macromolecular substrates and inhibitors. The tryptase monomer exhibits the overall fold of trypsin-like serine proteinases but differs considerably in the conformation of six surface loops arranged around the active site. These loops border and shape the active site cleft to a large extent and form all contacts with neighboring monomers via two distinct interfaces. The smaller of these interfaces, which is exclusively hydrophobic, can be stabilized by the binding of heparin chains to elongated patches of positively charged residues on adjacent monomers or, alternatively, by high salt concentrations in vitro. On tetramer dissociation, the monomers are likely to undergo transformation into a zymogen-like conformation that is favored and stabilized by intramonomer interactions. The structure thus provides an improved understanding of the unique properties of the biologically active tryptase tetramer in solution and will be an incentive for the rational design of mono-and multifunctional tryptase inhibitors.
Human mast cell tryptases (EC 3.4.21.59) comprise a family of trypsin-like serine proteinases closely related in sequence that are derived from Ն3 nonallelic genes (1, 2) . Tryptases (at least isoenzymes ␣I, ␤I, ␤II, and ␤III) are highly and selectively expressed in mast cells and to a lesser extent in basophils (3, 4) . Only ␤-tryptases, however, appear to be activated intracellularly and stored in secretory granules (5, 6) , accumulating to much larger amounts than any other of the granuleassociated serine proteinases of leukocytes and lymphocytes. On mast cell activation, ␤-tryptases are secreted bound to heparin in diverse allergic and inflammatory conditions ranging from asthma and rhinitis to psoriasis and multiple sclerosis. Various studies performed in animals and humans have provided considerable evidence that tryptases are directly involved in the pathogenesis of asthma (7) (8) (9) , a hypothesis also supported by apparent genetic links of tryptases to airway reactivity (10, 11) .
Several unique properties distinguish tryptases from other trypsin-like proteinases (reviewed in refs. 12 and 13). Most notably, tryptases are enzymatically active in the form of a noncovalently linked tetramer. The tetramer is stabilized by association with negatively charged aminoglycans such as heparin or high ionic strength conditions in vitro. On dissociation, reversible only under certain conditions, the monomers lose activity, apparently because of transition into a zymogenlike state (14, 15) . This mechanism is thought to govern tryptase activity in vivo. With the exception of the ''atypical'' Kazal-type inhibitor leech-derived tryptase inhibitor (LDTI) (16, 17) , human tryptases are resistant to inhibition by proteinaceous inhibitors. In accordance with their trypsin-like activity, tryptases efficiently hydrolyze a number of peptide substrates including the neuropeptides ''vasoactive intestinal peptide'' and ''peptide histidine methionine'' (18) . Few macromolecular substrates are cleaved, however, leading to the activation of prostromelysin, prourokinase, and the proteinase-activated receptor-2 (19) (20) (21) and the inactivation of fibronectin and of the procoagulant functions of high molecularmass kininogen and fibrinogen (22) (23) (24) .
These distinguishing features are well explained by the crystal structure of the human lung ␤II-tryptase tetramer, whose overall architecture has been summarized recently (25) . Here, we describe the identification of the tetramer within the crystal packing, the detailed structure of the monomers, and their interactions in the tetramer. In addition, structural features likely to favor a zymogen-like conformation of isolated monomers and models of the interaction with stabilizing heparin proteoglycans and inhibitors are presented.
Identification of the Relevant Tryptase Tetramer. In the x-y plane of the tryptase crystals, the tryptase monomers are arranged in flat rectangular tetrameric aggregates that form extended protein layers (Fig. 1a) . Within these layers, each tetramer is rotated about the crystallographic a-and b-axes by Ϸ7°, in agreement with the self-rotation function. The tetramers appear well separated from their neighbors in one direction (x-direction in Fig. 1a ) but are in somewhat closer contact in the perpendicular direction (y in Fig. 1a ). In the z-direction, the tetramers are stacked along the crystallographic 4 1 screw axis. Because of the 7°tilt of each tetramer from the x-y plane, their projections (Fig. 1b) alternate between leaning to the left, being horizontal, and leaning to the right, respectively, giving rise to a 7°precession motion of the local (2-fold; see below) rotation axis along the crystallographic 4 1 screw axis. The largely complementary interaction surfaces between the monomers of the tetramer are typical for intersubunit contacts, whereas neighboring tetramers interact with one another via much more usual crystal contacts. Thus, within a tetramer, monomer A ( (along the z-axis), respectively. The contacts between tetramers include a number of hydrogen bonds and six unique salt bridges and thus are qualitatively similar to those usually observed in typical crystal contacts.
These packing considerations suggest that the tetramer emphasized in Fig. 1 represents the enzymatically active tetramer of human ␤-tryptase. This tetramer selection is supported by the finding that the six loops that deviate most from the structures of other trypsin-like proteinases are all involved in forming monomer-monomer contacts within a tetramer. More important, this unique tetramer perfectly explains the distinguishing properties of tryptase in solution, e.g., the resistance to proteinaceous inhibitors other than LDTI, the unusual substrate specificity, and the stabilization by the binding of heparin-like glycosaminoglycans (see below).
Overall Tetramer Structure. In the tryptase tetramer, monomers (arbitrarily assigned A, B, C, and D in Fig. 2 ) are positioned at the corners of a flat rectangular frame leaving a continuous central pore. The tetramer displays almost perfect 222 symmetry that, however, is not exact because of the crystallographically asymmetric environment and an imperfect internal packing (see below). The horizontal and the vertical 2-fold axes, which cross each other in the center of the tetramer, relate monomers A to B and C to D, or A to D and B to C, respectively. The third 2-fold symmetry axis relating monomers A to C and B to D is arranged virtually perpendicular to the other 2-fold axes and runs almost through their point of intersection in the central pore.
The active centers of the four monomers are directed toward the central pore (Fig. 2) . This pore exhibits a rectangular cross section and is twisted by Ϸ30°about the tetramer axis. It possesses two narrow openings of dimension 40 Å ϫ 15 Å, and widens in its central part to a cross section of 50 Å ϫ 25 Å, just large enough for elongated peptides of the diameter of an ␣-helix to thread though the exits and to interact with the active sites. Both pore entrances are partially obscured by the 147-loops (see below), which project from each of the monomers but on alternative entrance sides, so that only two diagonally arranged active centers can be viewed directly (Fig.  2 ). With 33 basic (including 12 His residues) and 24 acidic residues per monomer, human tryptase exhibits an average percentage of charged residues comparable to related serine proteinases, but is only slightly positively charged at neutral pH. These charges are not evenly distributed along the molecular surface, however. Rather, negatively charged residues cluster preferentially on the inner pore-facing surface, conferring the pore with a quite negative electrostatic potential, and along the peripheral A-D (and B-C) edges. In contrast, the A-B (and C-D) peripheries and one front side of the monomer surface are positively charged and probably are involved in heparin binding (see below and Fig. 6 ).
Monomer Structure. The tryptase monomer exhibits the typical ␤-strand-dominated fold seen in other trypsin-like serine proteinases. The core is made by two six-stranded ␤-barrels that are packed together and further clamped by three transdomain segments (Fig. 3 ). This core structure is covered by a number of polypeptide loops, a short ␣-helical turn (Ala-55-Gly-66, not shown in Fig. 3a) , and two regular ␣-helices, the so-called ''intermediate helix'' (Glu-164-Leu-173A) and the C-terminal helix (Arg-230-Val-242). The catalytic residues Ser-195, His-57, and Asp-102 (chymotrypsinogen numbering) are located in the junction between both barrels. The active-site cleft runs perpendicular to this barrel junction. In the ''standard orientation'' shown in Fig. 3 , this cleft runs approximately horizontally across the molecular surface facing the viewer and is ready to accommodate and bind extended peptide substrates extending from left to right. One hundred sixty-two and 168 residues of the tryptase monomer are topologically equivalent to the archetypal proteinases chymotrypsin (26) and trypsin (27) , respectively, with an rms deviation of their ␣-carbon atoms of 0.65 Å for both comparisons. The numbering of the tryptase residues given in this article is predominantly based on the equivalence with chymotrypsinogen (28) and at only a few trypsin-characteristic sites on that with trypsin (27) .
In detail, however, the topology of the tryptase monomers deviates significantly from these reference proteinases (Fig.  3b) , probably more than any other trypsin-like serine proteinase. In particular, six surface loops that border and shape the active-site cleft are unique (Fig. 3a) . These loops comprise the 147-loop (including the 152-''spur''), the 70-to 80-loop, the 37-loop, the 60-loop, the 97-loop, and the 173-loop (Fig. 3a) . The 147-loop, which together with Gln-192 forms the rather acidic southern wall of the active-site cleft, is shortened by one residue in its initial part, but contains a two-residue insertion (Pro-152-Pro-152A-cisPro-152B-Phe-153-Pro-154) in its proline-rich and hydrophobic 152-spur. The neighboring 70-to 80-loop to the east, which in the calcium-binding serine proteinases winds around a stabilizing calcium ion (27) , is three residues shorter and more compact in tryptase. It is probably not designed for calcium binding, in spite of topologically similar liganding groups; Glu-70 and Asp-80, involved in a partially buried salt bridge cluster with Arg-34, are oppositely arranged to the two calcium-binding Glu residues in trypsin. The 37-loop, above the 70-to 80-loop, possesses two additional residues (Pro-37A and Tyr-37B), which bulge away from the loop axis. The adjacent 60-loop, with five inserted residues, turns away from the cleft abruptly to the north, where it kinks at cisPro-60A to approach the general main chain course of other serine proteinases. At position 69, a buried Arg replaces the Gly residue that is strictly conserved in most other homologous proteinases, allowing for a special conformation. Although the 97-loop, at the northern rim of the cleft, contains the same number of residues as other serine proteinases, it differs considerably in conformation. The N-terminal part is shortened by two residues between positions 96 and 97, thus placing Ala-97 in the position normally occupied by residue 99, whereas its C-terminal part makes an unusual extra helical turn before arriving at Asp-102. By far the largest insertion, with nine residues, occurs in the 173-loop. After the unusually long three-turn intermediate helix, the 10 residues from His-173 to Val-173I form an exposed flap centered around the imidazole side chain of His-173.
With 245 amino acid residues, the tryptase monomer possesses 15 and 22 residues more than the B-chains of chymotrypsin and trypsin, respectively. Compared with chymotrypsinogen, most of these extra residues present in all tryptases known so far are inserted in the 37-loop (two residues), the 60-loop (ϩ5), the 147-loop (ϩ1), the 173-loop (ϩ9), at position 221A (ϩ1) and at the C terminus (ϩ1), whereas the 70-to 80-loop (Ϫ3) and the 214-to 220-loop (Ϫ1, as in all trypsin-like serine proteinases) are shorter. On the reverse side, the largely hydrophobic cluster of four Trp residues (Trp-27, -29, -207, and -137) is noteworthy. Only the indole moieties of the latter two Trp are significantly exposed to the surface. At the C terminus, only the main chain atoms of the two penultimate residues Lys-244 and Lys-245 are well defined by electron density, while the C-terminal Pro-246 could not be located. The side chain of the single N-linked sugar attachment site in human ␤II-tryptase, Asn-204, extends away from the molecular surface opposite to the active site. Some residual electron density exists distal to its carboxamide group, which is not large enough to account for a covalently linked sugar residue.
As found in almost all trypsin-like serine proteinases [except, e.g., single-chain tissue type plasminogen activator (29) ], the N-terminal Ile-16-Val-17 segment is inserted in the Ile-16 pocket, forming a solvent inaccessible salt bridge between its free Ile-16 ␣-amino group and the carboxylate group of Asp-194. The formation of this salt bridge after activation cleavage creates a functional substrate recognition site by reorienting the Asp-194 side chain from an external position in the zymogen, where it might hydrogen bond to a surface located His-40⅐⅐⅐ Ser-32 pair forming the so-called ''zymogen triad,'' to an internal position in the active molecule (30, 31) . This reorientation restructures the surrounding ''activation domain,'' which in trypsin(ogen) mainly includes the linings of the Ile-16 pocket and the S1 specificity pocket (i.e., segments Ile-16-Gly-19, Tyr-184-Asp-194, Gly-216-Asn-223, and Gly-142-Tyr-151), and the ''oxyanion hole'' formed by the amide groups of 32, 33) . The single-chain zymogen and the activated monomer are adequately described by a two-state model, in which an inactive conformation is in equilibrium with an active form possessing a structured activation domain (31) . The partition between both forms depends on environmental conditions such as the endogenous free Ile-16-Val-17 N-terminal segment (34), free Ile-Val dipeptide (31) , ligands in the substrate binding site (30, 36) , or other effectors such as fibrin with respect to tissue plasminogen activator or tissue factor in the case of Factor VIIa (29, 37) . This conformational partition can be influenced by internal molecular groups that stabilize or destabilize one or the other state. Tryptase possesses the zymogen triad residues His-40 and Ser-32, which would stabilize the zymogen state. In addition, the acidic residues Asp-143, Asp-145, and Asp-147 arranged around the Ile-16 cleft could form a negatively charged anchoring site that could compete with the Ile-16 pocket for the Ile-16 ␣-amino group, thus destabilizing the structured active state of the tryptase monomer. Furthermore, some of the loops in contact with the activation domain of tryptase, such as the long 173-loop or the 70-to 80-loop, which has been shown to be strongly correlated with the equilibrium state in bovine elastase ''subunit III'' (38) , could influence the structured state. The conformation of the tryptase 173-loop, probably held in place in the tetramer by contacts with monomer D, certainly has an effect on the stability of the integrated monomer. Interestingly, tissue factor, thought to support insertion of the N-terminal Ile-16 ␣-amino terminus of activated Factor VIIa B-chain on complex formation (37) , likewise binds to the 173-loop at the intermediate helix flank (39) .
Interfaces. All monomer-monomer contacts within the tetramer are realized via six loops arranged around the active center. These loops, emphasized by special colors in Figs. 3-5 , differ fundamentally in their conformation and partly in size from those of other trypsin-like serine proteinases. Monomers A and B interact with one another through the 147-loop, the 70-to 80-loop, and the 37-loop (Fig. 4d) . Each 152-spur slots into a cleft formed by the 37-and the 70-to 80-loop of its own monomer and the 152-spur of the opposing neighbor. At the center of the interface, the side chains of Phe-153 and Tyr-75 from each subunit form an approximate tetrahedron (Fig. 5a) . The side chain of Tyr-75 from monomer B (D) would clash with the equivalent A (C) side chain if they were arranged in a symmetrical manner. Instead, the phenolic group of Tyr-75 of monomer A turns in the opposite direction, breaking the 2-fold symmetry (see the partial electron density in Fig. 5a ). This A-B (C-D) interface is exclusively hydrophobic, with a remarkable number of Tyr and Pro side chains involved, and lacks any intermonomer hydrogen bonds. Toward the pore, the side chains of the two Arg-150 residues oppose one another. The charges of their guanidyl groups presumably make unfavorable energy contributions to the A-B interaction.
Monomer A interacts with monomer D through the entire northern rim consisting of the 173-flap, the 97-loop, and the 60-loop (Figs. 4a and 5b) , again via equivalent loops. Both 97-loops rest with their 95-99 segments on one another (Fig.  4a) , with both Ile-99 side chains in direct contact. Further toward both peripheries, segment Pro-60A-Asp-60B and the opposing segment Gly-173B-Tyr-173D run antiparallel to one another, forming two-rung antiparallel ladders between Gly-173B-Tyr-173D and Pro-60A-Val-60C (Fig. 5b) . Each Tyr-95 aromatic side chain nestles into the bend of the opposing 173-flap, and each Tyr-173D phenolic side chain slots into a hydrophobic cleft made by the 60-loop and the 97-loop of the opposing monomer. In addition, both monomers are crossconnected by salt bridges between Asp-60B and Arg-224 and by four hydrogen bonds involving both main and side chains (Fig. 5b) . Thus, the A-D (and the corresponding B-C) interface comprises a number of polar͞charged interactions in addition to several hydrophobic contacts. The A-B homodimer carries a number of positively charged residues at the periphery, which cluster and form an obliquely oriented two-lobed patch of positive charges that extends toward one of the front sides of each monomer, giving rise to the blue-colored electrostatic potential surfaces in Fig. 6 . With an overall length of almost 100 Å, this patch would allow tight electrostatic binding of an extended heparin chain of Ϸ20 sugars running obliquely along the A-B edge as shown in Fig.  6 . The length of such heparin chains is in good agreement with the experimentally observed stabilization of the tetramer by heparin fractions of molecular mass 5,500 Da and above (40) . On the peripheral surface of the A-D (and the corresponding B-C) homodimer, in contrast, positive charges are counterbalanced by adjacent negative ones.
Interaction with Substrates and Inhibitors. The immediate vicinity of the tryptase active site is quite similar in structure to that of trypsin. The specificity S1 pocket, which opens to the west of the reactive Ser-195 (Fig. 3a) , is virtually identical to that of trypsin and well suited to accommodate P1-Lys and Arg side chains. The 4-amidinophenylpyruvic acid (APPA) molecule inserts into this pocket in the same manner as in the complex with trypsin (41). Thus, its amidino group hydrogen is bonded to both Asp-189 carboxylate oxygens, Gly-219 O and Ser-190 O␥, and its phenyl ring is sandwiched between peptide planes 215-216 and 190-192. Ser-195 O␥ bonds to the carbonyl group of the tetrahedral pyruvate part of APPA (Fig. 3a) , and hydrogen bonds to His-57 N. As indicated by the relatively low equilibrium dissociation constant of the APPA-tryptase complex [K i 0.71 M; (42)], APPA fits well to the tryptase active site. Toward the south of the active site of tryptase, the side chains of Asp-143, Asp-145, and Asp-147 protrude from the relatively flat and hydrophobic southern embankment (Fig.  3a) . The resulting negative charge cluster provides a second anchoring point for dibasic synthetic tryptase inhibitors such as bis-benzamidines (17, 42, 43) , allowing favorable interactions with a distal basic group such as in pentamidine. The structural basis of the unexpected high affinity of bifunctional inhibitors containing suitably arranged adjacent imidazole moieties such as present in the inhibitor BABIM and closely related analogues (43, 44) has recently been revealed: two nitrogen atoms Toward the east, the substrate-binding site of tryptase is not only bounded by the side chains of Tyr-37B and Tyr-74 of monomer A, but also by the Phe-153 benzyl group and the 152-spur of the neighboring monomer B. Thus, binding of extended substrate chains is limited to about P5Ј (Fig. 7) .
Toward the north, the 97-loop of monomer A borders the substrate binding region in a manner different from most other serine proteinases, and together with the side chains of Phe-94, Ala-97, and Gln-98 of monomer D forms a projecting ''canopy.'' The S2 subsite underneath is open and larger than that of trypsin. The S3͞S4 subsite above the Trp-215 indole moiety is fully blocked by the side chain of Gln-98 and the phenolic group of Tyr-95 provided by monomer D. Toward the west, however, the substrate-binding site is bordered exclusively by segments of the D-monomer, in particular the His-57 imidazole ring and segment 57-60. Thus, the active centers of monomers A and D (B and C) are spatially close (distance Ϸ23 Å for the A-D pair) to each other in the tryptase tetramer, rendering the tryptase tetramer suitable for the specific binding of bifunctional inhibitors with relatively short spacers.
The central pore of tryptase restricts the size of accessible substrates and inhibitors considerably. For larger proteins such as fibronectin and the zymogens of stromelysin-1 and urokinase-type plasminogen activator, the cleavage sites must be extended into the active sites. Docking experiments with C-terminally truncated prostromelysin-1 (45) and with singlechain tissue plasminogen activator (29) as a model for prourokinase show that the activation cleavage loops of these proproteinases must be extracted from their crystal structures to allow binding in the tryptase active center. More flexible peptides, in contrast, could easily thread through the pore of the tetramer to be processed or destroyed. Flexible polypeptide chains with two distant basic residues, as in ''vasoactive intestinal peptide'' (18), might even dock to adjacent active sites simultaneously to produce fragments of distinct length.
The active centers of the tryptase monomers are also largely inaccessible for macromolecular inhibitors. The only exception known is LDTI, an ''atypical'' Kazal-type inhibitor that is smaller than the classical members of this family (16) . LDTI has been shown to bind to trypsin through its reactive-site loop (residues P4 to P4Ј) in a canonical manner (17, 46) . In the model of the complex with tryptase monomer A, the four N-terminal residues preceding this binding segment could bend toward the south (with respect to Figs. 3 and 7) , leading to the juxtaposition of the basic Lys-I1-Lys-I2 amino terminus (with the suffix I identifying inhibitor residues) with the carboxylate groups of Asp-143 and Asp-147 of monomer A. Alternatively, the two Lys residues could interact with Asp-60B of molecule D. The involvement of such electrostatic interactions is supported by the deleterious effect of deletions and substitutions of these basic residues on the affinity of LDTI toward tryptase but not trypsin (17) . The LDTI reactivesite loop, running from Cys-I14 (P5) to Pro-I22 (P4Ј; ovomucoid numbering), is relatively small compared with classical Kazal-type inhibitors, allowing good overall fit to the restricted substrate binding groove (Figs. 7 and 8a) . Furthermore, its central helix is one turn shorter, so that it just fits into the central pore of the tetramer on canonical binding to the active site of monomer A with only a few narrow contacts of its molecular antipole, opposite to its reactive-site loop, with the 147-loop of monomer D. Docking of a second LDTI molecule is possible at the opposite active centers of either monomer B or monomer C (Fig. 8a) . A slight collision between Cys-I56 and Gly-I28 of two bound LDTI molecules could be relieved by minor torsion in the proteinase-inhibitor interfaces, as observed for other canonically binding inhibitors such as eglin c (46) . Any such torsion in the LDTI molecule bound to monomer A would impose an opposing torsion in the LDTI molecule bound to monomer B, facilitating such a relaxation. The simultaneous binding of two LDTI molecules to the tetramer is in good agreement with experimental results showing Ϸ50% inhibition of the cleavage activity toward small chromogenic substrates by nanomolar LDTI concentrations (16) . Modeling experiments with more elongated classical Kazal-type inhibitors or with the prototypical bovine pancre- (Fig. 8b) . The central portion of the two-domain mucous proteinase inhibitor (MPI ϭ SLPI ϭ HUSI-I) would clash with the A-D interface region of the tryptase tetramer if bound to the active site of monomer A (Fig. 8c ) via its inhibitorily active second domain (47) . Similarly, elafin (ϭ SKALP), an inhibitor corresponding to the MPI second domain (48), should not be able to inhibit tryptase. The much larger plasma proteinase inhibitors are clearly far too bulky to fit into the narrow pore of the tryptase tetramer and gain access to one of the active centers.
CONCLUSION
In summary, the structure of the ␤II-tryptase tetramer has been identified based on the four crystallographically independent quasiidentical monomers and the analysis of their arrangement within the crystal packing. With its frame-like architecture and its active centers facing a narrow central pore, the resulting tryptase tetramer structure explains most of the distinct properties of the biologically active tryptase tetramer in solution. The unusual substrate specificity, with a preference for peptidergic substrates, and the resistance to proteinaceous inhibitors other than LDTI are both caused by the limited accessibility of the active sites within the narrow central pore.
The tetramer can be stabilized by heparin glycosaminoglycan chains larger than Ϸ20 sugar residues, a length required to bridge the weaker of the two distinct monomer-monomer interfaces. The loss of enzymatic activity on dissociation of the tetramer is caused by stabilization by internal molecular groups of a zymogen-like rather than the active state. Finally, the knowledge of the structure of the active center of the monomer as well as of the distances between neighboring active sites allows the rational design of multifunctional inhibitors. Such inhibitors that bind to more than one active center will ideally have potentiated affinity, conferring selectivity for the tryptase tetramer. Such inhibitors will be valuable as pharmacological tools to probe the pathophysiological function(s) of tryptases in vivo and may have therapeutic potential against asthma and other mast-cell related disorders.
